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By Lawrence A. Clousing 

From experience  geined by WlCA test p i l o t s  in  flying at high 
subsonic Mach nmmbere as& fram interpretatfan of the data obtained, 
some general precautimary r u l e s  f o r  test flying near sonic Mach 
numbers have been formulated. The reasme f o r  these r u l e 8  are 
discussed and observations me m d e  wlth respec t   to  the hazards 
arising from undesirable s t a b i l i t y  and c m t r o l  charac te r i s t ics  

L which have been noted i n  t e s t  flight8 of various airplanes. 

This paper, although written primarily for the attention of 
test p i l o t s ,  contains general information of interest to those who 
are concerned with m i o u s  phases of flight testfng near sonic Mach 
numbers, It includes a chock l i a t  for use In &mizing and eurmna- 
r i z l n g  per t inent  fnformation r e l a t ive  to the stabi l i ty  and control 
chmac te r i s t i c s  of airplanes undergoing t e s t e  at high Mach numbers, 

It is an indication of the p r o p s e  made by aviation that them 
are increaaing numbers of test p i l o t s  now being confronted with the 
spec ia l  problems &'flight testing ne- sonic Metch nmbere. In t h i s  
specfal  realm of study, the mclCA has acquired a good many yeax8 of 
a q e r i e n c e  with a variety of high-speed airplanes. Out of t h i s  
experience have  cc~tls cer ta in  general rules of ac t ion  and precaution8 
which have  proven of such sound value that they ehould be useful to 
all enga-ged in conducting high-speed flights. And in this work, 
safety has more than i t a  usual  significance; it means n o t  only the 
aafe return of the p i l o t  and airplane but also the  acqUiQitiOn of 
the @owledge wbich was the aim of the project.  It is the purpose 
of &is report t o  preeent a techntque f o r  the &e conduct of flight 
t e s t e  at high Mach numbers. Emmples of troubles  encountered with 
e. d l scuss im of their significance are, included. 

UNCLASSIFIED 
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Based on flfght-test experience it haa been dmponetrated t ha t  
several precautionaxy r u l e s  can greatly incream the safety of 
flight teste near sonic .speeds. These . k " e m  will be presented in 
tun, and the  reasons why the r u l e s  are coneidemd advisable w i l l  
be discussed, 

1: A13 i n i t i n 1  P w t  t e ~ t m  ne- 
should be carried out at an altitude at wbich - 
this rule irs advisable because experience haa demonstrated that 
ne&r sonic Mach numbers inadverten2 pitching and even 8tallfng of 
an airplane may occur. Aa e m l e a  of flight experience in thie 
regard, figures 1 and 2 a m  presented. Figure 1, as diacuseed in 
raference 1, indicates the motions of a fighter airplane which 
occurred  during a dive  recovery a t  a high Mach number. It w i l l  
be men that during a normal =cover$ the airplane  abruptly 
pitched up (at 7*5 seconds m the time history ahown) even though 
t h e  p i l o t  had exerted no corresponding change in control force. 
The f a c t  that .the airplane m a  being tested at 27,000 feet prevented 
excessive air loads from resulting. 

It even though the a i m b e  is etalled.- Adherence to  

The e f f e c t  of altitude on the load factor, that it is possible 
t o  Impose, ie ehaxn in f 1- 3, f o r  an airplane having a wing l d -  
Lng of 50 parnds per square foot asld the variation of maximum lift 
coeff ic ient  wit21 Mach number sham in figure 4 .  F i g m e  3 s h m ,  88 
an example, that at a Mach number of 0.84 EL l oad  fac tor  of about 19 
is aerodynsmically poaefble at sea 10V81, although only about a load 
fac tor  of 6 is possible at 27,000 feet. 

The variat ion of maximum lift coeff ic ient  with &ch number, 
shorn in figure 4, I s  believed t o  be typical f o r  e s s a n t i d l y  unswept 
w i n g s  having modern afrfoil eectioner of' the 8UbSOniC type (rounded 
1ea.d"  edges) In the lmr b c h  number range the c m  wag 

es tab l i shed  from data presented in reference 2. The curve m e  
extended t o  h i a e r  Mach numbers using a value of lift ooefficient 
at full scale given i n  reference 1 and a value measured on an air- 
plene model of very nmR.11 scale at the Amee Laboratory by the wiw- 
€'low methd, It vfll be noticed that a lfne describfng a bnffet 
boundary ia included, This boundary, which also is believed t o  be 
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typ ica l  for essent ia l ly  u n m p t  wings of m o d e n  a i r fo i l   sec t iona  of 
the subsonic type, waa eetablished  using  reference 2 and additional 
data f rm f l i g h t  teats of a number of airplanes. Its significance 
in r e l a t ion  to maneuvering and a t ruc tura l  strength will be discussed 
later 

Figure 3 be employed t o  estimate the m i n i w r m  a l t i t u d e  at 
which the ellawable load factor of an afrplane cannot be exceeded. 
E it is assumed that figure 4 repreeenta the variaticm of maxhmn 
lift coeff ic ient  with Mach number, t hen  it is only necessary to 
multiply the ordiaate values of figure 3 by the f ac to r  

in which the rated weight is the weight on which the allowable load 
factor is based, The acceleration f a c t o r  a p i l o t  would ergerience 
is the l o a d  fac tor  from f lgure 3 multiplied by 

m1e 2: At above the critic.& of the a n a .  fw 
t e s t s  at progresa fn ly  higher values of Mach number should be un&r- 
taken only in e m d l  increments and only after exp lo rhg  accelerated 
flight chamcter i s t ice  at l m r  Mach numbers.- m e  general reasoning 
behind this r u l e  should be &pperent. The situation in rega;rd to 
flight tests a t  these speeds is sfmflar to that of a person who, 
though unable to awim, goes I n t o  the vater at an unfamiliar beach 
wbich may have steep drqp-offa and holes Like t h e  person on th6 
beach, the pilot ehould erglore conditione cazefully, feeling h i s  

=h W Y  8 J " o  

Experience h s  shown t h a t  at 801118 Mach number abcm * e  c r i t i c a l  
Mach nlnnber of the wing, flight at hi@er Mach nrmibere may be e i t h e r  
structurally unsafe or uncontrollable or both. Teste made in &ccord- 
mce  w i t h  ru le  2 permit an extrapolation of data obtained at lower 
Mach numbers and at various accelerations which will indicate the 
maximum Mach nmibers and accelerations a t  which the amlane may be 
safely Opem-ted f m  e i t h e r  the structural or stabi l i ty-and-control  
standpoint 

In apply- this ru le ,  a useful rule of fhtnnb for estimating 
the c r i t i c e l  I tch  number of u n m p t  wings is that the critical Wch 
number of 1- a i r f o i l  sectiona at the design l i f t  coeff icfent 
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is  0.70 for aectiona 15 percent  thick, and is h ighe r  by 0.01 f o r  
every  percent the w i n g  is thinner  than 15 percent, and is lower by 
0.01 for every  percent  the w i n g  is thicker than 15 percent. Sweep 
back, of course, raises the  c r i t i c a l  values. 

Experience  indicates  that f o r  Mach numbers  up t o  approximately 
0.06 above the c r i t i c a l ,  increments of Mach number  of 0.02 are  
suff ic ient ly  amall for safety,  although a t  higher Mach numbere, 
increments  should n o t  exceed 0.01 Mach number. 

Even thou& r u l e  1 is observed, it is possible   to  have struc- 
t u r a l  troubles due to   buffet ing.  One p.wpose of r u l e  2 is to   help 
avoid  these  troubles, To illustra,$e, figures 5 ,  6 ,  and 7 show the 
limits of &ch number and load f ac to r  at which buffet-  appeared 
on three airplanes during fligbt t e a t s  by the IWCA. The d a t a  from 
which figure 5 i e  derived have been presented in references 2 and 3.  
These limits are called the buffet  boundaries. It ie  noted in  
figurea 5 and 7 t h a t  when the buffet  boundary is exceeded struc- 
tural failure may occur even though the allowable  load  factor is 
not  exceededo In the case of the airplanes f o r  which data are 
presented in figures 5 and 7, buffeting or other  compressibility 
e f fec ts ,  rather than inadequate  deal- by the specifications used, 
were t h e  causes of the s t ruc tura l  failures. In m e u v e r 8  at  lower 
a l t i tudes   s t ruc tura l  failure d id  not  occur on either airplane even 
though highel5-than-a3lowable load fac tors  were Imposed. 

Erteneive operation of an airplans while it is buffeting is 
generally  undesirable, and safe operation up t o  allowable load 
factore  is generally poesible,  provided the buffet  boundary is 
not exceeded.  For these reason8 the  buffet  boundary baa been 
generally reco@pized as a. l imit ing  condi t ion  for  safe operatfm, 
supplementing the boundaries  otherwi.se limiting  airplane  operation. 
However, a8 shown in figure8 5, 6 ,  and 7, it l a  generally possible 
for t h e  buffet  boundary t o  be  exceeded for  l imited  periods without 
s t ruc tu ra l  failure occurring. Theref  ore such a boundary is unduly 
conservative if used t o  define the l imit   accelarationa f o r  t e s t  
purposes, A "tolerable llmit of buffeting," based on a test p i l o t ' s  
opinion, is preeented in these figures. There is, a t  present, no 
engfneering method by means of which a safe tolerable limit of 
buffeting may be established. Reliance i n  regard t o  t h e  eetablish- 
ment of a sat isfactory  tolerable  limit of buffeting is almost 
en t i r e ly  dependent upon t h e  test pilot 's  experience and dieCI39tiOTI. 
More detailed  discussion w i t h  re@ t o  buffeting and the eetabllsh- 
ment of a tolerable limit of buffeting w i l l  be taken up later, 
because t h i s  is an fmportant  factor in regard t o  the test p i l o t ' s  
willingness,  aa well as safety,  in taking an airplane  to  high Mach 
numbers 

. 
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Considering rule 2 in regard t o  stabilitg and cantrol,  it may 
be that above the c r i t i c a l  Mach number of the wing compressibility 
effects on the wing or  tail or both m q ~  make it impossible t o  m e u -  
ver the airplane mch beyand the buf fe t  boundary even though it i a  
s t ruc tura l ly  safe t o  do so. Thie limitation is demonstrated by 
figures 8 and 9, taken from reference 4, which show elevator  angle 
and elevator   controlSorce  character is t ics  of a fighter airplane,  
Figure 8 shows that beyond a Mach number of about 0.72 the elevator  
movement required t o  maneuver the airplane at a given acceleration 
increases mrhdly, and it points t o  the poss ib i l i t y  that at same, 
higher  Mach number th0 amount of longitudina3 control  available 
from the elevator  would bs so limited tha.t a pul l -out  from a dive 
could  not be made, Figure 9 shows that at high  subsonic Mach 
numbers the elevator  control  force  required t o  maneuver may rise 
markedly, and that the control  force per unit of acceleration mag 
bscoma so layle)e that the p i l o t  cannot pull out of a dive, 

Even in level flight, som airplanes require upe levdor  
movement rather than d o m e l e v a t o r  movement w i t h  further increase 
in Mach number beyond some high subsonic value, This charac te r i s t ic  
is apparent t o  the p i l o t  &B a nosing4own tendency and is explained 
in raf‘erence 5- When auch a condition exis t s ,  flight tea ts  should 
be car r ied   to   h igher  Piach numbere only with great  caution, f o r  if! 
the nos in6own tendency  became worse as the Mach number of flight 
is increased, and if’ the tests are ctxrried t o  a Mach rmmber at which 
more than ful1”up  e levator   ie  required for straight flight, the ai- 
plane would be uncontrollable. Figures 10 and 51 are presented t o  
show measurements of a nosing-down tendency at high subsonic Mach 
numbers, as observed auring t e s t  flights ba the HACA of two fighter 
airplanes.  In the case of figure 10 it w i l l  be observed that, 
although the elevator angle indlcates the development of a nosing- 
down tendency at the higher bkch numbers, the elevdtor  control force 
g i V 8 S  no indication of it. 1% is possible in this case that fihe 
n o s i n e o w n  tendency m i g h t  go unnoticed  by a p i l o t  until he is in 
di f f icu l ty ,   s ince  h i s  pr inc ipa l  warning of this dangerous condition 
comes frm the force on rather than from the positfcm of the 
elevator   control  Hovever, in the general case, the nosingiiown 
tendency is indicated by  both  elevator angle and elevator   control  
force aa illustygted in figure 11, 

Figure 12 1s presented t o  ehow a trend that m d e l  test8 at very 
d l  scale by the winpflow method indicate to be possible a t  high 
subsonic speeds. AB may be seen from this figure,  88 Mach number is 
increased & nosin&own tendency of r e l a t ive ly  mild degree may f i r s t  
develop, but thfs may be follawed by nosing up, and then by an abrupt 
and large nosing down. 



6 NACA RM No. A7G25 

Another hazard,  other than an uncontrollable  dive, is possible 
a3 a result of the nosing-dovn tendency and the  increase  in  stick- 
fa rce  gradient at high Mach numbers, pcZrtlcularly if #e trim tab 
or adjustable a tabf l izer  is not handled wTth discretion.  This 
danger is demonstrated by study of figure 13, taken fram reference 4, 
which shows the accelerations it was possible t o  a t t a i n   f o r  two 
values of elevator  control  force.  In figure 13 it is seen that 
whereas a t  the highest Mach number (0.78) an accelemtion  factor  
of only 3 can be obtained  vith 50 pourmds pul l  on the  elevator  control, 
the  acceleration  result ing from t h i s  force  rapidly  increases as 
the MRch amber is  decreased, an acceleration  factor of about 10 
resul t ing at a Mach  number of about 0.68-W the 5CLpound pu l l  is 
maintained, This condition  could lead to   inadvertent   s ta l l ing of 
the airplme,  By the same token it is clear   that ,  if at a Mach 
number of O,78 the trimming device were adjusted  to keep the ai- 
plane in   l eve l  flight (an acceleration'fac.tor of one), a tremendous 
push would be required  to  keep the airplane from exceeding its limit 
load factor of 7.5 as the Mach number decreaeed. If the trimming 
device is relat ively  ineffect ive at the  higher Mach numbers, the 
effect   just   descr ibed would be still worm. 

Another f a c t o r   t o  be  coneidered is the change in stick-force 
gradient wfth  acceleration even though the Mach number is constant. 
There have been case8 of stick-force gradients changing w i t h  accelera- 
t ion as shown by the upper  curve in figure 14. When such a change 
 occur^ it is p l a i n  that fnadvertent pitching up of the  airplane is 
possible 

To summarize, by following r u l e  2 the buffet  boundaries and 
longitudinal  control may be judiciously explored, Data obtained i n  
f l i g h t  OR buffeting may be plot ted in the form shown in figures 5 
t o  7, and data on longitudinal  control may be plo t ted   in  the form8 
s h a m  i n  figures 8 t o  14, Frm  these  plote,   extrapolations can be 
made which w i l l  help  to   predict   the   character is t ics  a t  s l i gh t ly  hiejner 
Mach numbers. As flight b a t e  progress the extrapolatians  can be 
continually revifled, and a limit Mach number f o r  t e s t e  f rm t?m 
standpoint of buf'feting and longftudinal  control c a n  be estimated. 
Hmver ,  as indicated by figure 12, extreme caution must be talcen i n  
mahfng an extrapolation over too lare a ran@ of  Mach  number as the 
trends may reverse  suddenly. 

Rule 3: Them should be accurate  recording a d  malyefe of 
e s sen t i a l  data aa tests prowess.- Thie rule is a corollary of rule 2. 

Data which must be recorded are: indicated alrapeed, a l t i tude ,  
normal acceleration, and elevator  angle. Many other Items,  such aa 
elevator  control  force,  may be prof  itably  recorded. Obviouely, 
recording of infomation is e s sen t i a l   i n  tests of the kird discussed, 
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The pilatls   indicating  instruments of W h  number, altitude, 
and acceleration should be properly calibrated anb free of lag 
in order t o  avoid c o n f u e i m  In applying the conclusims f m  the 
recarded data, The danger of not having compazable recorded and 
indicated data should be a p p m n t  in b e t  fly- of such a nature 
that chamgee of Mach number 88 l i t t l e  as 0-01 may make the differ- 
enc6 between safe and unaafe operating conditione, 

Much has been wri t ten about the precautione necessary t o  avo?.' 
e r r o r s  in flight measurements, This phaae of instrumentation is 
not necessarily the province of the t e s t  pilot, but  he would be 
prudent t o  understand the e i tua t ion  thoroughly, 

As has been &dicated earlier, although at high eubsonic Mach 
numbers the b~f'f8.t  boundary is generally re@rded as defining a limit 
f o r  safe operation, It fer generally possible for tbe buffe t  b o w  
t o  be exceeded. somewbat, at least for limited periods, wi thout  
structural failure resulting. This posa ib i l i ty  is demonstrated by 
the data presented in figures 5, 6 ,  and 7. It m a  pobted out, how- 
ever, t h a t  there is no engineering method by which a safe tolerable 
limit of buffeting may be established, and therefore, at preaent, 
the  determination of such a bow- is 'almost e n t i r e l y  in the hands 
O f  the t e a t  p i lo t .  e 

Figur6e 6 and 7 &ox that ,  in order t o  demonetrate an aim- 
t o  the limit8 of Mach rimer at which &e flight is possible, some 
boundary defining the to le rab le   l imi t  of buffeting i e  rncessary, 
because l imi t ing  the performance of the airplane on the basis nf 
the boundary at which buffeting starts is t oo  comenat ive .  For 
em~p1.8,  if the buffet boundary fs no t  exceeded, it would not be 
possibls  for the airplane for which data m e  shown in figure 6 
t o  recov5r from a dive at a Mach ~~m?ber higher than 0,764, since 
t h i s  is the Mach number at which buffeting occurs at a load fac tor  
of one. In the case of ffgure 7 the limit Mach number on this basis 
would be 0.794. W i t h  each airplane, however, these Mach numbers 
have been eafely exceeded, as t h e  t e s t  data show. Information that 
may aid the t e e t  p i l o t  in establishing a tolerable  limit of buffeting 
will now be presented and diecussed. 

Partial stcucturaJ failure that has occurred durfng buffeting 
ir. two cams, provides information usefkl in establishing the toler-  
able limit of buffet ing .  On the b a a i s  of these failures md other 
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experience of the author, the tolerable limit of buffeting is 
suggested in figures 5, 6, and 7- 

O f  course,  the matter of buffeting is not quite as simple aa 
it has  been pictured thus far, Not anly .do fatigue charac te r i s t ics  
o f  materials place 'an indeterminate limit on the length of the that 
opera t ion  w i t h  emere rapidly  reversing  etressee l e  safe, but the 
parte that ? n q ~  be affected by buffeting vary with the type of air- 
plane and the conditions of operatfcm, Buf'fetfng may occur on wings, 
tail surfaces, controls, and other p-, Buffeting of one part 
may be more serious f rm  the standpoint of s t ruc tura l  failure than 
buffeting of sane other par t .  The ,part that is most l i b l y  t o  fa i l  
f irst  from buffeting will vary frcan airplane t o  airplane. Saw 
c-nts 011 the e f fec t s  of buffeting of various par t s  of the ai- 
plane m y  therefore be of value. 

An impreesion of blxffeting l a  sametimes given by f l u t t e r .  In 
h i m p e e d  flight a type of f lut ter  cal led  t ransonic   f lut ter  has 
recently appeared, Transonic f l u t t e r  may occur w i t h  only m e  degree 
of mechanical or   s t ruc tura l  freedm and appears t o  result fran tims 
delay6 which are due t o  near-aanic  velocitiee In the air flow. 
Transonic flutter has occurred f o r  short pericds of tfme without 
causing st ructura l  failure, but it did cause partial failure of 851 
aileron in at least me  inetance. W i t h  re la t ive ly   r ig id   cont ro l  
systems having little backlash the amplitude of t ran6mic flutter 
h a 8  generaliy been small; t h i s  type of f l u t t e r  has therefore been 
referred t o  as "buzz:' Adherence to the second p a r t  of rule 2 is  
important  in exploring traset5nic f lu t t e r   becau~e ,  as is indicated 
in figure 1 5 ,  t r anson ic   f l u t t e r  may occur at lower Mach numbers BB 
the l i f t  cmff fc ien t  l a  Increased. The Mach number and frequency 
are functions of t he  characterfs t ice  of each alrphm, 80 the limits 
e h m  In figure 15 are presented only f o r   i ~ u s t r a t i o n ,  21 eane 
cases, the severity of the oscillatfone may beccsne greater aa the 
Mach number and lift coeff ic ient  a m  Increased. Any sudden chamge 
i n  the floating angles  of control  surfaces a8 the Mach number is 
increased above the c r f t i c a l  ehould be regamled as a warning that 
conditions for t ransonic   f lu t te r  are being approached. This WaMling 
may not  always appear, however, nor does it always indicate the 
imminence of t ransonic   f lut ter .  

Buffeting of the  tail surfaces has caused s t ruc tura l  failure, 
aa noted f o r  one example in figure 5 and reported in reference 3. 
Severe buffet- m y  result from tail surfaces  being  in  the  turbulent 
vake frm the Such a condftion is likely t o  occur at Mach 
numbers above the c r i t i c a l  of the wing and at h i &  l i f t  coeff ictents 
because of the spread and Increased  turbulence of the w i n g  wa3re It 
would be wise for the test pilot t o  pay pa r t i cu la r   a t t en t ion   t o  the 
extent of buffeting of the hor izmta l" ta i1  Burface6 when he exceeds 
the buffet boundary. 
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It is possible that at high Mach numbers the Xing may shock . 
stall unevenly, c m s i n g ,  in addft ion  to   bwfet ing,  erratic and 
abrupt rolling motions, The amount of hazard from such a motion 
is not Immediately apparent,  but it creates decided apprehension 
in the p i l o t g s  mind, Rol l ing  o 8 c U t i m s  of this type, sham in 
figure 15, that occurred during a t e a t  flight of a fighter airphne 
by the NACA were su f f i c i en t  to convince the t e s t  p i l o t  of the inad- 
v i sab f i i t y  of procsedfng t o  a hi&er Mach number. On some airplanes 
unsymnetrical dock o r  other f ac to r s  came yawing motions  vhich are 
equally disatpeeahle 

Buffeting hae elso occurred because of canopies, and external 
stores such as fuel tanks or bcmbs. In the case of external stores  
the buffeting has resulted in failure of the mount and 108s of the 
store 

In view of the discussion thus far, ~ o m e  interesting points  may 
be brought .up In rem to the safe ty  of test f ly ing  near sonic Mach 
number8 by diving as compared with the safety of such test flying 
when confined t o  l e v e l  o r  nearly level flight. 

In level flight, if d i f f i c u l t y  i a  experienced, it is possible 
t o   r e t u r n  t o  lover Mach n d e r ~ .  fairly quickly by merely decreasing 
powsr , In a dive, t o  decrease speed, it i a  P6ceswy t o  increase 
the lift coeff ic ient  unless sul table  b~alkes axe available.  E 
buffeting I s  encountered in a dive,  recovery generally involves 
increased  buffeting &a the lift is  hcreased. As has been brought 
out in the earlier discussfon,  experience has shown that safe flight 
is possible xith acceleratfon above that at nhfch buffeting a t m t s ,  
and t9e tolerable lfmit of buffeting in figures 5, 6 ,  and 7 falls 
off much more slowly uith increasing Mach number than the boundmy 
at which buffeting s t a r t s .  

Obvfouslg, 8 higher Mach numiber may be attained for a given 
ammnt of power if the airplane is dived rather than flown in level 
flight, Thus by ding m e  of gravi ty   ra ther  than additional power, 
t h e  might and canplicatlon of an airplane while undergoing tes ts  
at a given Mach number may be less. The decreased weight allows 
higher factors- of s t ruc tu ra l  a&ety, and Increased safety  in take- 
off and landing, The' elimination of same of the power p lan t  other- 
wise required reduces troubles tnd hazard8 inherent in the use of 
all power plants, and may prevent use of untried meane of augment- 
lng thrust at the same time untried realms of sonic flight are being 

in level flight at hlgh Mach 11~mber8 are of such a nature as t o  m a k ~  
explored, SCenS Of the p m r  p h t 8  which M i g h t  be Used in amhl'les 
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it d i f f i c u l t  t o  fo l low precautionary r u l e  2. Rockets, for example, 
permit thrust t o  be varied only i n  large- increments, t ha t  18, each 
rocket is either on o r  ef. 

It should be emphasized that, whether made in   d ives  or level 
f l i g h t ,  initial t e e t s  near sonic Mach numbers should not be carr ied 
out below the minimum a l t i t udes  apecFfied by rule 1. In dives the 
Bh€dlO~€18t practicable angle s h o u l d  be used f o r  each Mach number. 
In order to comply w i t h  these ru les ,  dive8 m e t  be e tar ted  a t  high 
a l t i tudes .  

Certain safeguards have been developed uhich aid In dive flight 
testing. h e  of these is the dive-recove.ry f k p .  (See reference 6 . )  
It appears, however, that a t  h igh  subsonic Mach numbers, the  effective- 
ness of the dive-recovery f l a p  ia considerably  reduced if not en t i r e ly  
absent, and therefore  the best cafe-d Muld probably be a drag- 
producing  devfce. A drag device which would instantly respond to 
the p i l o t t s  control and which would permtt selective increments of 
drag t o  be imposed by the   p i lo t  ao #that he could slow the  airplane 
down at the  rate desired would be a great eafety aid in  dive flight 
t ee t s .  The maxirmun drag of such a device ehould preferably be of 
sufficient magnituce 80 that the airplane could  be slowed down t o  a 
Mach number at which s t a b i l i t y  and control  troubles would be abaent 
while the airplane was st i l l  above the min- a l t i t ude  safe  in 
eccordance w i t h  rule 1. 

Based on experience  gained in test f ly ing  at high subsonic Mach 
numbers, lecrgeJy by u t i l i z i n g  the diving technique and the foregoing 
analyeis, it is the opinion of t h e  author t h a t  test flying mar sonic 
Mach numbers may be nearly a8 eafe in dives &8 i n  straight f l i&t ,  
provided the precautionary r u l e 8  given In th ie   repor t  are s t r i c t l y  
f o l lared  e . -  

P E R S O W  PRECAUTIOES 

There are other phases of high Mach number f ly ing  which, although 
common t o  many types of k e t  f lying,  w i l l  be touched on briefly because 
of' t h e i r  importance. The value of snugly f i t t e d  sa fe ty   be l t s  and 
shoulder s t r i p s  should  constantly be remembered. Oxygen equipment 
must operate properly, and the pilot ahodd alwaye be ava;re of hazaxde 
and action t o  be t a b n  in ca8e of trouble. For flight above 45,000 
feet, bod? preeaure is necessary. Although many future  highaped 
airplan- may h v e  preesure cabins, the use of a safety pressure e u i t  - 
( m e  not pressurized ordinarily, bu t  capable of being  pressurized 
with oxygen i n  an emergency) ehould be kept in mine, when and if such, 
m i t e  become svailable. The use of a "gn euit would increase the 
pilot 's   tolerance  to  acceleration, particularly when of l a g  duration. 

..  .. - 

* 



NACA RM No. A7G25 11 

. Best means of' exi t  Kith parachute should be investigated, but often 
this is 8 futi le  matter, becauae regardless of method of exit the 
p i l o t  getting out at high speed is liable t o  strike the tail of the 
airplane, X ~ r h e n t a t i o n  is nou underway which may result in 
iraprovement Orp this sftuation. Opening of the chute should be 
delayed untll below 20,000 feet  altitude t o  germit slowinE; up before 
opening, and to get quickly to the region where aazilimy omgen 
is not  required. Much more could be written 011 the subject of 
personal precantions, but other literature is available and should 
be read, 

mle 3, There should be accurate recording and analysis of 
, essential data as t e s t e  progress, 

Because of the many f ac to r s  to be considered in % e t  flying near 
sonic Mach numbers, it may be helpful t o  me;ke u ~ e  of a check list 
such as is presented in table Io Pr ior  to flight, the figures 
ca l led  f o r  in this table could be listed on the basis of the best 
information  available at that t u ,  and then aa flight tes ts  progrees 
the figures could be continually reviwd on the basis of the data.  
obtained 

Three general precautionary ru les  for test flying near sonic 
Mach ntm1ber8 a.re presented: 

pule 1, A l l  initial flight t e s t s  near sonic h k c h  numbere 
should be csr r ied  out at an altitude at which exceesive afr load8 
cannot result even though the afrplane is sta l led.  

pule z0 At &ch nmibers above the c r i t i c a l  of the wing,  fligbt 
t e a t s  at progressively higher p a l m s  af Mach number should be under- 
taken only in & increments and only after exploring accelerated- 
flight charac te r i s t ics  at lower Mach numbers, 

T!?m difficulties discuseed may not  occur fn future airplanes', 
because  continuous research and development may rninlmize or elwnate 
these undesirable traits. On the other hand, undesirable traits a6 
s t  unknown may be encountered in the h c h  number range in which tests 
have not  yet been made in flight, and theref ore the precautions 
presented are advisable, 

Ames Aeronaut ical   moratory,  
National Mvisory Conanittee for Aeronautics, 

Moffett  Field, Calif. 
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TABIZ I,- HIGH MACH DET !EST CmCK LIST 

1. Based on W h  number and allowable load factor, the rainbum 
a l t i t u d e  for flight tes ts  is -feet. 

2, The c r i t i c a l  Mach number of the wdng i-. 

3 The Mach number at which buffeting starts at 1 "g" ia - at an 
a l t i t ude  of - feet, 

4. The Mach nlrmber of the tolerable  lhit of buffeting in l eve l  
flight is - at an altitude of - feet. 
5.  The Mach number at which the elevator angle or control force 
required f o r  level fliat C-S abnrptly w i t h  increase in Mach 
number ie - at  an a l t i t ude  of - f e a t  

6, The Mach number and acceleration at which the elevator  control- 
force gradlent becomes dang8rouely mall am- and - g M i t e  
at an a l t i t u d e  of - feet. 

7. F l u t t e r  was noted at the followfng Mach numbere, al t i tudee,  and 
accelerations : 

W h  number 
Altitude 
Acceleration 
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